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METHANE HYDRATES R&D PROGRAM HIGHLIGHTS

~ ENERGY SUPPLY FOR THE FUTURE ~

This document sets the foundation for a national program, a 10-year science and technology path that
will produce the knowledge and producexassary for commercial production of methane from
hydrates by 2015 and iwaddress associated environmental and safety issues. Detailed
implementation plans and budgets that are consistent with this documéntbew
subsequently developed.

THIS PROGRAM WILL:

a vast, domestic resource in permafrost regions and surrounding waters that is
DEFINE over 100 times greater than the estimated conventional U.S. gas resource of
1,400 tillion cubic feet.

the U.S. to meet a substantive natural gas growth in power generation and
ENABLE transportation in the early 21st century, while meeting requirements for cleaner
fuels and reduced emissions of CO .

our energy security, foster U.S. industry global competitiveness, and enhance the

ENEUIRE value of Federal lands that provide 37 percent of the nation’s gas production.

FOCUS on four program goals:

(1 Resource Characterization
Determine the location, sedimentary relationships, and physical characteristics of methane
hydrate resources to assess their potential as a domestic and global fuel resource.

(1 Production
Develop the knowledge and technology necessary for commercial production of methane from
oceanic and permafrost hydrate systems by 2015.

(1 Global Carbon Cycle
Develop an understanding of the dynamics and distribution of oceanic and permafrost methane
hydrate systems sufficient to quantify their role in the global carbon cycle and climate change.

(d Safety and Seafloor Stability
Develop an understanding of the hydrates system in near-seafloor sediments and sedimentary
processes, including sediment mass movement and methane release so that safe, standardized
procedures for hydrocarbon production and ocean engineering can be assured.

U.S. Department of Energy i Office of Fossil Energy
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MARSHAL

PROMOTE

the resources of the petroleum industry, academia, the National Laboratories, and
a broad base of government programs with concurrent interests in methane
hydrate research. The Department of Energy, Office of Fossil Energy, will
develop and manage the program in consultation with a Management
Steering Committee:

+ DOE Office of Energy Research (ER)

* United States Geological Survey (USGS)
* Minerals Management Service (MMS)

* Naval Research Laboratory (NRL)

* National Science Foundation (NSF)

¢ Ocean Diling Program (ODP)

* Natural Gas Supply Association (NGSA)
* Gas Research Institute (GRI)

* American Petroleum Institute (API)

cooperation with the international community, including countries, such as Japan,
Canada, and the United Kingdom, who have active methane hydrates R&D
programs.

U.S. Department of Energy iv Office of Fossil Energy
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1. INTRODUCTION

As much as 200,000iltion cubic feet (Tcf) of methane may exist in hydrate systems in the U.S.
permafrost regions and surrounding waters (Collett, 1997). This is over a hundred times greater than
the estimated conventional U.S. gas resource (1,400 Tcf; Gautier et al, 1995). The volume that may
be economically producible is unknown. However, these enormous resources, if proven, have
significant implications for U.S. energy security and global environmental issues, particularly global
climate change. In additionetause the bulk of these methane hydrates are located on Federal lands,
gas production would provide significant resources via royalties and leases.

The U.S. will consume increasing volumes of natural gas well into the 21st century and methane
hydrates can contribute to a reliable and low-cost domestic supply. In the near-term, natural gas is
expected to take on a greater role in power generation and transportation because of increasing
pressure for cleaner fuels and reduced emissions of carbon dioxige (CO ), particulates, sulfur oxides,
and nitrogen oxides. Gas demand is also expected to grow substantially throughout the first half of
the 21st century because of an expanded transition role as a transportation fuel or a competitive
source of transportation liquid fuel (gas-to-liquids conversion) and hydrogen for fuel cells.

Global energy projections are uncertain because of the potential for marked changes in demand in
developing countries, including China, India, and Brazil, and the transitional economies of Eastern
Europe and the former Soviet Union. However, it is clear that the U.S. will continue to consume
large volumes of natural gas. U.S. consumption is expected to increase from almost 23 Tcf in 1996
to over 32 Tcfin 2020 [Energy Information Administration (EIA), 1997].

What are the Key Issues Constraining Hydrate Development?
A limited understanding of:

. Resource Characterization: geographical distribution and quantities;

. Production: economical, safe, and environmentally acceptable production of natural gas from
methane hydrate deposits;

. Global Carbon Cycle: the role of methane hydrates in global carbon and atmospheric methane
balances;

. Safety: potential impacts of methane hydrates on the safety of conventional hydrocarbon

operations in the Arctic and offshore Gulf of Mexico; and

. Seafloor Stability: the impact of methane hydrate deposits on submarine landslides and
sediment collapse features.

Although methane hydrates have been detected around all the U.S. continental margins, only a few
areas have been studied in detail. As a result, the methane volumes contained in these deposits are
poorly defined. Producers, consumers, and energy policy makers need more accurate resource
information for long-term planning.

Only one, and that is debatable, instance of commercial gas production from methane hydrates has
been reported. Economic natural gas production can not proceed without development, testing, and
field demonstration of specialized production techniques supported by detailed reservoir engineering

U.S. Department of Energy 1 Office of Fossil Energy
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studies and reservoir and production modeling.

Methane hydrates may play a significant role in global climate change. Methane is a 10-year more
potent (by weight) greenhouse gas than, CO , albeit shorter-lived. Gas hydrates may contain three
orders of magnitude more methane than exists in today’'s atmosphere. Because hydrate breakdown,
causing release to the atmosphere, can be related to global temperature increases, gas hydrates may
play a role in global climate change.

Hydrates-related sediment collapse is also critical to global climate chacaesk it may represent

a major mechanism for transfer of methane to the ocean-atmosphere system. Understanding
hydrate—sediment stability is also important for other uses of the seafloor, such as waste disposal and
submarine communication cables.

Why A Renewed Interest in Hydrates?

In the past year, a renewed interest in methane hydrates has emerged even to the point of articles
appearing in popular science magazines and newspapers. This popular and scientific interest is due
to several factors:

. Growing recognition of the need for increased supplies of cleaner domestic fuels by the
middle of the 21st century;

. As conventional hydrocarbon production continues in the Arctic and moves into deeper water
in the Gulf of Mexico and globally, there is growing evidence of methane hydrates
involvement in plugging of wellbores and pipelines, sediment mass movement, blowouts, and
well-site subsidence;

. Improved economics for commercial production from hydrates due to proximigeéatly
developed production and transportation facilities in deepwaters of the Gulf of Mexico;

. Concern about global climate change, mesently heightened by the Kyoto conferehce, has
emphasized the need to understand the role of methane and its hydrate reservoir in global
carbon cycles;

. Recent publication of several landmark studies, including the second edit@atimfate
Hydrates of Natural GaseSloan, 1997), and research results from the Ocedimdr
Program (ODP) study of hydrates on Blake Ridge (Dickens et al, 1997, Paull et al, 1996,
and Holbrook et al, 1996); and

. Increased international activity and significant research and development (R&D) expenditures
in Japan and India indicate the expectation of commercial production in the not—too—distant
future.

A large, long-term R&D effort will be required to turn this potential resource into gas reserves, while
developing technologies to assure safe petroleum operations in hydrate areas, and to understand the
role of methane hydrates in global climate change. This program plan sets out the foundation for a

1 Meeting of Parties to the United Nations Framework Convention on Climate Change, Kyoto, Japan,
December997.
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National Methane Hydrates Program, a 10-year R&D program that will produce the knowledge and
technology necessary for commercial production of methane from hydrates by 201 adress
associated environmental and safety issues.

The imperative for embarking on a strong technology program now is supported by recognition of
the long times associated with significant change in our energy infrastructure. Research and
development often requires one or two decades to yield technology breakthroughs. But, the
environmental and economic benefits to be derived from such a program are huge.

1.1 Methane Hydrates Defined

Methane hydrates are methane-bearing, ice-like materials that occur in abundance in marine and
Arctic sediments and store immense amounts of methane. They are clathrate (for cage) compounds
in which water molecules enclose the gas molecules, allowing high methane concentrations. One unit
volume of methane hydrates can contain over 160 volumes of gas and less than one unit of water at
surface pressures and temperatures.

Methane hydrates form and are stable at moderately high pressures and low temperatures, conditions
found on land in permafrost regions and within ocean floor sediments at water depths greater than
about 500 meters. Methane incorporated into the hydrates is generated by microbial production of
natural gas in organic rich sediments or may migrate from deeper gas deposits. The hydrate deposits
themselves may be several hundred meters thick. The increasing temperature of deeper sediments
that precludes hydrate formation limits the bottom of the hydrate zone. Free gas is often found in
sediments below the hydrate zone.

Methane hydrates have been detected around most continental margins. Around the U.S., large
deposits have been identified and studied in Alaska, the West Coast from California to Washington,
the East Coast, including the Blake Ridge offshore from the Carolinas, and in the Gulf of Mexico.

In 1995, the U.S. Geological Survey (USGS) completed its most detailed assessment of U.S. gas
hydrate resources using a play analysis method similar to that used for assessment of more
conventional U.S. oil and gas resources (Calte@autier et al, 1995). This study concluded that

the U.S. resource is larger by several orders of magnitude than previously thought. U.S. hydrate
resources are estimated to range between 112,000 Tcf and 676,000 Tcf (0.95 and 0.0i&/probab
levels). The large range in estimates reflects a high degree of uncertainty because of the lack of
detailed information on hydrate concentrations and measurement techniques. The mean value is
considered to be about 200,000 Tcf, based on refinements using data from ODP Leg 164 (Collett,
1997) (Figure 1). The offshore hydrate resource is estimated to be 99 percent of th&eatal.
Appendix 1 for methane hydrate resource distribution.)

1.2 Natural Gas Supply and Demand

Methane hydrate resource estimates are more than a hundred times larger than the resource estimates
of other conventional and unconventional gas (exclusive of hydrates) in the U.S. Estimated mean
conventional and unconventional technically recoverable U.S. gas resources, plus known reserves
onshore, is 1,074 Tcf (Gautier et al, 1995). In 1996, Minerals Management Service (MMS)
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estimated 338 Tcf of undiscovered conventionally recoverable resources and reserves in the Outer
Continental Shelf (OCS), using essentially the same methods as USGS.

Leg 164
results
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Figure 1. Estimates of Methane in Gas Hydrates and Related Gas Deposits for the U.S.
(T. Collett, 1997. The gray bar shows the best volume estimate.)

The EIA (1997) reference case estimates that U.S. natural gas produltwhmiavfrom 19 Tcf in

1996 to over 28 Tcf i”020. However, estimated productioil fail to keep up with demand,
resulting in an increase in natural gas imports from 2.7 Tcf in 1996 to about 5.3 Tcf in 2020 (see
Figure 2).

These projections assume technological advances, driven by increasing demand, will expand reserves
and reduce the cost to find and produce natural gas. The EIA reference case assumes current levels
of research and technology development by government and industry. EIA estimates (Figure 2) that
rapid technological advances provided by expanded R&D will reduce the production deficit. The
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proposed methane hydrates R&D program will contribute tcattuslerated technological advance.

Even if only 1 percent of the estimated 200,000 Tcf methane hydrate resource becomes technically
and economically recoverable, the domestic natural gas resource (1,400 Tcf for both onshore and
offshore) could be more than doubled. The increased production from this expanded resource could
reduce wellhead prices and supplant imports while contributing rental and royalty income to the
Feglgral treasury (state and Federal governments share 12.5 percent royalty from OCS production,
V\éhsic!‘l includes virtually all methane hydrate resources). Currently, 37 percent of all U.S. natural gas
production is from Federal lands.

30 - ,
_ 33 Gas Consum ption
25 A
30 Rapid Technolo gy
28 Reference
20 A

/_/ 26 Slow Technolo gy

15 . . IConsurp ption .

90 91 92 93 94 95 96 2005 2010 2015 2020

Production

Source: Energy Information Administration, Annual Energy Gnkill 998

Figure 2. Natural Gas Consumption, Production, and Projections
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2. FEDERAL ROLE

2.1 What is the Importance of Methane from Hydrates to U.S. Consumers?

Fossil fuels play a vital role in the U.S. economy—3$5illidty of our economy goes directly to
purchase power and fuels, or about 7 to 8 percent of our Gross Domestic Product. With the Nation
expected to increase its energy consumption by over 30 percent by 2020, contribution of fossil fuels
to the U.S. energy mix will grow from 85 to 90 percent (E1897). Oil and gas currently represent

63 percent of the Nation’s energy mix and over 99 percent of transportation fuels.

Rising demand for crude oil remains the Nation’s most serious energy problem and the EIA (1997)
projects that domestic oil demand will grow by over 35 perce@0BY. Meanwhile, continued
decline is projected for U.S. oil production, from 6.5 million barrels per da996 to 4.9million

barrels per day in 2020. Furthermore, many analysts believe that although global oil demand will
continue to rise, worldwide oil production will peak in the early 21st cehtury , setting the stage for
price increases and possible supply disruptions.

Conversion of natural gas produced from methane hydrates to liquid transportation fuels using
conventional technology, such as Fischer-Tropsch synthesis, or advanced technologies has the
potential to reduce our dependence on imported oil.

Significant energy and environmental benefits will @sorue from the use of methane from hydrates

for power generation. Natural gas has the lowest carbon emissions of all hydrocarbons. Use of
methane hydrates in conjunction with new power generation technologies now being developed by
U.S. Department Of Energy’'s (DOE) Advanced Turbines Program could redyce CO emissions by
almost 50 percent.

2.2 Why Should the Federal Government Be Involved?

Federal support can help the U.S. avoid a crisis situation of stagnant energy technology development,
brought about by sharp reductions in private sector energy R&D. Energy R&D by the private sector,
in virtually every fuel sector, is down nearly a third in just the last three years after a period of steady
decline in the 1980s. The Federal fossil energy R&D program is virtually the only remaining national
R&D effort emphasizing technologies that are still ten years or more into the future, such as in the
methane hydrates and gas-to-liquids programs.

DOE'’s fossil energy R&D program is developing advanced concepts that are well beyond the
timetables and performance goals of private sector R&D. Using Federal R&D investments to make
available new technologies 10 to 30 years before they would otherwise emerge from private sector
R&D can save consumers bilions of dollars, make national environmental choices easier, and
strengthen the Nation’s energy security. Methane hydrates research, for example, has no immediate
economic payoff. Federal R&D is the only way this type of research can be conducted in the U.S.

2 Several expert analyses summarized in Edwards (19%€afstrthat world crude oil production will peak between
the years 2000 and 2030.
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Federal R&D can assist U.S. companies maintain their global competitiveness at a time when
expanding world markets are creating enormous opportunities and unprecedented competition from
other nations. Other nations recognize the trillion-dollar potential of the global energy technology
market and are creating public-private partnerships to improve the competitive posture of their
technology developers. The U.S. must sustain similar partnerships or risk putting U.S. companies
at a disadvantage. Currently, the U.S. is a worldwide leader in sales of equipment and services, with
a 40 percent market share or about three billion dollars in revenues per year.

2.3 Stewardship of Public Resources

The Federal Government has a primary role to enhance the value of Federal lands. Currently, 35
percent of domestic gas and 20 percent of domestic oil production come from Federal lands and this
contribution is expected to increase in the future. Virtually all the known methane hydrate resources
exist in Federal waters of the OCS. The companies developing, producing, and using these resources
would pay significant royalties, fees, and taxes. Thus, there is significant incentive for R&D that leads
to the efficient utilization of these resources.

2.4 Comprehensive National Energy Strategy

The DOE Comprehensive National Energy Strategy (CNES) (DOE, 1998) defines the government

role as improving the operation of competitive markets and addressing the markets’ inherent limits.

In this context, the Federal Government focuses on promoting increased domestic oil and gas
production among other efforts. The CNES concludes that, ultimately, the continued development

of new technologies that provide diverse energy sources, improve the efficiency of end use, and
reduce the negative environmental effects of energy production and use is the key to maintaining our
high quality of life.

The CNES argues that the imperative for embarking on a strong technology program now is
reinforced by recognition of the long lead times required for significant change to occur in our energy
infrastructure. Research and development often takes one or two decades to yield technology
breakthroughs. Moreover, the turnover time for major energy supply and end-use technologies also
extends into many decades.

The methane hydrates program will directly contribute to the CNES Goal IV:
Expand future energy choices—pursuing continued progress in seedt¢echnology to
provide future generations with a robust portfolio of clean and reasonably priced energy
sources.
Under Goal IV, this R&D program is proposed as part of Objective 2, Strategy 1: Develop
long—term energy technologies that increase energy options, improve overall economics, use

resources more efficiently, and reduce adverse impacts of energy supply and use.

2.5 President’'s Committee of Advisors on Science and Technology

U.S. Department of Energy 7 Office of Fossil Energy
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The Energy Research and Development Panel of the President’'s Committee of Advisors on Science
and Technology (PCAST) notes in its 1997 report, “Federal Energy Research and Development for
the Challenges of the Twenty-First Century,” that fossil fuels will remain the principal energy sources
well into the middle of the next century. The panel report states that DOE/industry—supported R&D
yields technology that can lead to continued affordable use of fossil fuels, even in a
greenhouse—constrained society, moderation of oil imports, and reduced cost to the economy of
future oll price shocks. The panel suggests that gas, the transition fuel leading to a renewable energy
future, will be a significant strategic energy source for moderating carbon emissions well into the
middle of the next century. Gas may have an expanded transition role as a transportation fuel itself
or as a competitive source of liquid transportation fuel (gas-to-liquids) and ultimately the least-cost
source of hydrogen for transportation, if fuel cells become the power source of choice for advanced,
ultra efficient vehicles.

The panel recommends R&D to continue to develop technologies that will expand domestic reserves
and reduce the cost of production: “It may be that gas can be produced economically from the

methane hydrates on the continental shelf, and this may prove to be a very large new source globally,
particularly for some developing countries such as India as well as for the United States.”

The panel further recommends that DOE’s Office of Fossil Energy (FE) develop a science-based
program with industry and other government agencies to understand the potential of methane
hydrates worldwide. Research should be conducted on fundamental thermodynamic and kinetic
properties, the safety and environmental impact of production schemes, the economics of production
and the potential disposal of GO emissions as hydrates in the same vicinity where the methane is
produced. DOE research should also contribute to understanding the possibility that climate change
can produce hydrate dissociation, which could cause releases of large quantities of methane to
the atmosphere.

PCAST suggested that $ddllion be allocated for methane hydrates R&D by DOE/FE. The Panel
noted that this funding level is not meant to be prescriptive, observing that actual budgets would
evolve to more or less than the target suggestion. The panel also noted that any FE initiative should
be leveraged by the private sector, other government agencies, and the international community,
making the actual spending significantly larger.

2.6 Methane Hydrate Research and Development Act of 1998, S.1418

Senate Bill S1418, passed by the Senate on July 17, 1998, and referred to the House of
Representatives, would authorize work by DOE/FE in consultation with the USGS, National Science
Foundation (NSF), and Naval Research Laboratory (NRL), to conduct methane hydrates research
for the identification, assessment, exploration, and development of methane hydrate resources. This
program plan is consistent with the proposed authorization.

U.S. Department of Energy 8 Office of Fossil Energy
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3. RESEARCH HISTORY

Gas hydrates have been studied for over 100 years. In the 1930s, hydrates were recognized as a
production problem for conventional hydrocarbon activities when they were found plugging natural
gas pipelines. The U.S. Bureau of Mines published the first definitive study of hydrates in 1946. In
1964, natural gas hydrates were discovered in Siberia and durit@abe gas derived from hydrates

may have been produced in a Siberian gas field, Messoyakha. In the 1970s, they were found by the
Deep Sea Drilling Project incean sediments and associated with Bottom Simulating Reflectors
(BSR), unique seismic reflection patterns caused by the velocity contrast created by free gas trapped
below hydrate-bearing sediments. In the 1980s, U.S. studies progressed on several fronts: laboratory
studies of physical and chemical properties and the mechanisms of formation and dissociation of
hydrates, and studies of the geological, geophysical, and geochemical characteristics of marine and
Arctic hydrate formations. A 10-year program, established in 1982, at DOE’s Morgantown Energy
Technology Center (now the Federal Energy Technology Center, FETC) supported much of this
work. DOE-supported studies were instrumental in developing a foundation of basic knowledge
about the location and thermodynamic properties of gas hydrates. Thes§parted program:

. Established the existence of hydrates in Kuparuk Field, Alaska;

Completed studies of 15 offshore hydrate basins;

. Developed production models for depressurization and thermal production
of gas from hydrates;

. Developed preliminary estimates of gas iag@ for gas hydrate deposits; and

. Built the Gas Hydrate and Sediment Test Lab Instrument (GHASTLI).

In 1992, the 10-year, eightilion dollar program was terminated as government policy shifted from
long-term, high-risk R&D to near-term exploration and production R&D. Although DOE funding
ceased, work has continued at USGS, NRL, NSF, ODP, universities, other laboratories, and
overseas. The 1995 studies of the Blake Ridge, as part of the OB4,egpntributed significantly

to our understanding of hydrates. Appendix 2 provides a summary of research activities by state.

Since 1994, FETC has conducted research on CO sequestration, including application of CO
hydrates for deep-ocean sequestration., CO hydrates stultliesnefit methane hydrates work
especially in increased understanding of the thermodynamics and mechanisms of formation and
dissociation of hydrates. In addition, research is being conducted in Japan and the U.S. to develop
novel combined methane production and,CO sequestration techniques that involve displacement of
methane from hydrates by GO .

DOE’s Natural Gas Supply Program provided a small amount of funding in Fiscal Year (FY) 1997
and FY 1998 to support activities in anticipation of program initiation in FY 1999. These include:
(1) participation in the production testing and sample analysis of a 1,200-meter deep well in the
Mackenzie Delta, Canada, drilled by Japan National Oil Company (JNOC); (2) processing and
evaluating seismic data in hydrates regions of the Gulf of Mexico; (3) design of a global database of
gas hydrates and related gas deposits; and (4) participation in an industry/university gas
hydrates consortium.
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4. PROGRAM GOALS AND BENEFITS

The overall objective of the methane hydrates R&D program is to maximize the potential contribution
of the huge methane hydrate resources to reliable supplies of a cleaner fuel with reduced impacts on
global climate, while mitigating potential hydrates risks for marine safety and seaflality st@his

will be achieved through a four-pronged approach that will answer the questions:

How Much?

Determine the location, sedimentary relationships, and physical characteristics of methane
hydrate resources to assess their potential as a domestic and global fuel resource.

How to Produce It?

Develop the knowledge and technology necessary for commercial production of methane from
oceanic and permafrost hydrate systems by 2015.

How to Assess Impact?

Develop an understanding of the dynamics and distribution of oceanic and permafrost methane
hydrate systems sufficient to quantify their role in the global carbon cycle and climate change.

How to Ensure Safety?
Develop an understanding of hydrates systems in near-seafloor sediments and sedimentary
processes, including sediment mass movement and methane release so that safe, standardized
procedures for hydrocarbon production and ocean engineering can be assured.

4.1 Near-Term Benefits

Although the major program benefits will be realized 10 to 15 years from the start of the effort, there
will be numerous early benefits, for example:

. Understanding of potential hazards of overlying hydrate deposits to conventional production
and their mitigation may increase areas of the Gulf of Mexico available to
conventional production;

. Techniques to mitigate methane hydrates formation in pipelines and production facilities in
the Arctic and offshore;

. Assessments of the location and volume of methane hydrate resources for energy
policy decisions;

. Improved seismic and other geophysical tools for use by the petroleum industry, military, and
others;

. Improved data on ocean and atmospheric changes for use in ¢jlobtg ecnodeling;

. Basic thermodynamic data applicable to,CO sequestration; and
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. Pressure/temperature controlled biologic sampling device for low temperature, high pressure
environments could be a prototype for National Aeronautics and Space Administration
(NASA) biologic samplers for more extreme environments on the planet Mars.

4.2 Long-Term Benefits

The major long-term benefit will be an increasag@y of cleaner fuel through development of a

suite of technologies necessary for commercial production of methane from Arctic and marine
hydrates. Other long-term benefits will be improved global models of climate change, and detection
and mitigation technologies to assure safe hydrocarbon production and ocean engineering in areas
underlain by hydrates. Increasingly, refined assessments of U.S. and global hydrate resources will
continue to assist energy planners in government and industry. Moreover, this program will help to
develop the next generation of scientists and engineers to help assure the Nation’s
technology leadership.

4.3 Technology Transfer

Technology transfer will be aggressively pursued by government program managers. In addition,
grantees will be expected to communicate their results in publications and technical meetings. This
technology transfer will stimulate research and serve to monitor its quality.

Active involvement of the industry in all levels of the program, from the program design to joint R&D
projects with universities and National Laboratories, will assure the rapid adoption of new concepts
and technologies. Scientific and technical exchange will also be fostered through periodic
conferences and publication of project results in scientific and technical journals.
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5. R&D TO ANSWER TECHNICAL ISSUES

The following “Technology Roadmap” (Figure 3) illustrates in a simplified manner how technology

is expected to proceed from the current state-of-the-art to the technologicattmssdary to achieve

the program goals in Resource Characterization, Production, Global Carbon Cycle, and Safety and
Seafloor Stability. This roadmap is expected to change as the progi@egspthe early results will
determine research directions and activities later in the program.

Although the program is framed as four technology areas, much of the work is interrelated. The four
research areas will share data, theoretical concepts, and results. Furthermore, the activities within
each technology areaillwnot occur separately or sequentially; data collection, laboratory
experiments, modeling, and field validation will peed in parallel. For example, field and laboratory
generated data will provide the basis for computer models and in turn mdde¢swalidated using

field and laboratory samples.

The program will also have a regional focus, which will leverage existing data and petroleum
infrastructure to reduce costs and accelerate R&D. Onshore Arctic Aldisla the initial target

for well logging and production tests; onshore operations and existing industry infrastructure will
provide lower cost and reduced risk. The second focus area will be offshore Gulf of Mexico, where
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recently intiated conventional operations in hydrate-bearing areas stimulate interest in hydrates risk
analysis and mitigation technologies. The proximity of hydrates to production and transportation
infrastructure improves the potential economics of methane production, attracting industry interest.
The areas are also targeted because of the volume of existing seismic and well log data. Global
carbon cycle and seafloor stability R&D will be focused on areas offshore of the east and west coasts
of the U.S., building on prior studies and regional oceanographic expertise.

Figure 4 shows the relative level of effort in the four technology areas and the changes expected in
technical emphasis as the program progresses. Initial work will primarily be focused on Resource
Characterization to build the basic understanding necessary in all program areas. Production funding
will increase as R&D moves from laboratory and modeling to field tests. Global Carbon Cycle and
Safety and Seafloor stability area wélceive generally steady fundingnemitment, reflecting both
near-term and long-term research needs.
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Figure 4. Research and Demonstration Funding Evolution

Research needs and activities necessary to achieve the program goals are described in more detail in
the following sections.

5.1 Resource Characterization

5.1.1 Goal: Determine the location and sedimentary relationships of methane hydrate resources
to assess their potential as a domestic and global fuel resource. Specifically, the program should:
. Provide accurate resource estimates necessary for energy planners and policy managers;

. Locate and quantify potentially producible deposits and dispersed deposits that may affect
global climate change and define their physical-chemical properties; and

. Provide a foundation of basic information for other R&D areas.
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5.1.2 Research Needs

The huge range in estimates of hydrates volume points out the lack of understanding of the location,
volume, physical character, and methane flux of hydrate deposits in the U.S. and the world.

Seismic, well logging, and other geophysical technologies tailored to shallow methane hydrate
deposits are needed to locate and quantify the gas content of methane hydrate deposits. Although
BSRs have been identified in many marine and Arctic areas around the world, the volumes of hydrates
and underlying free gas associated with BSRs are poorly known. The presence of hydrates in the
absence of BSRs is also not well defined.

An unknown amount of the global gas hydrates inventory may be technically and economically
recoverable. For hydrates to be an exploitable resource, localized concentrations must exist; locating
these areas requires improved understanding of methane migration and trapping. Free gas trapped
below hydrates may be a resource. However, little is known about the gas saturation, thickness, and
areal extent of such deposits.

There is a need for basic core, seismic, well logs, geochemical, and microbiological data from marine,
Arctic, concentrated, and dispersed deposits. Hydrate-sediment interactions based on laboratory and
field studies are not well defined, especially the relationships between hydrates physical and chemical
characteristics and geophysical measurements, seismic, well logs, and oceanic and sediment
chemistry. Incorporation of methane hydrate dynamics into global climate change modeling has not
been performed.

Quantifying hydrate reservoirs, in both concentrated deposits, the primary subject of research to date,
and dispersed deposits is required. New collection, measurement, and monitoring technologies are
required to support the needed research, including, for example: deep-towed seismic arrays,
ocean—bottom seismic sensors, pressure coring devices, and borehole geophysical, measurement, and
sampling devices.

5.1.3 Program Activities

1. Resource assessment:

a. Develop databases of the location of dispersed and concentrated (potential production)
sites, seismic data, well test data, hydrates-related slumps and slides, and physical
properties, as well as for international R&D tracking

b. Develop and apply seismic and other geophysical imaging including deep-towed arrays,
ocean bottom seismic sensors, acquisition and processing techniques applicable specifically
to hydrates, and side scan sonar

c. Collect marine and Arctic measurements and samples using pressure/temperature cores and
monitoring technology

d. Conduct shallow detection studies, including well logging sample collection and geothermal
and geochemical measurements

e. Multi-disciplinary integration of geologic, geophysical, and geochemical data
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2. Quantify the resource and define geologic, chemical, physical, and biologic controls on hydrates
location 